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The invention relates to a method lor coupKnfl 
proteins to a starch-derived modified polysaccharide. 
The binding interaction between me modified 
pofysacchande and the protein is based on a covalent 
bond which is ttie result of a coupling reaction 
between the terminal aldehyde group or a functional 
group of the modified polysaccharide rnotecuJo resulting 
from the chemical reaction of ink aldehyde group and 
a functional group of the protein which reads with 
me aldehyde group or with the resulting functional 
group- of the polysaccharide molecule. The bond 
directly resulting horn the coupling reaction can be 
optionally modified by a further reaction to the 
aforementioned covalent bond. The invention further 
rotates to- pharmaceutical compositions that comprise 
conjugates formed in this coupling process and to the 
use of said conjugates and compositions for the 
prophylaxis or therapy of the human or animal body. 
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Coupling proteins to a modified poly saccharide 

The rapid development in genetic engineering in recent: 
decades has lei to the new identification of a large number 
5 of genes for proteins having potential therapeutic benefits 
and to the possibility of producing without difficulty the 
corresponding gene products , pure or nearly pure in 
relatively large quantities, with the aid of biological 
expression systems. 

ID 

However, it has emerged that the use of such proteins in 
practice, e,g. in diagnosis, therapy and for 
biotransformations, frequently meets with dif f ic'Jltien 
because the stability and solubility properties thereof, 
15 especially at physiological pK values, are often 
unsatisfactory. Two examples of such proteins are tumor 
necrosis factor TUF-at or intcrlejV;iri-2. 

Solubility problems additionally occur very frequently in 
20 the expression ot glycoproteins in prokaryotic systems such 
as £, cold, because they are then expressed without the 
natural glycosylaticn, resulting in a considerably reduced 
solubility in some cases. This may maxe it. necessary to use 
considerably more costly eukaryotic expression systems. 

25 

On therape-jtic use in the body, many proteins are very 
quickly removed from the bloodstream or degraded. 
Systemically administered proteins having a molecular 
weight of r.ore than about 70 JcD may be removed from the 
30 circulation by the reticuloendothelial system or specific 
interactions with cellular receptors. Smaller proteins 
having a molecular weight of less than about 70 :<D cnay in 
addition be removed to a large extent by the glomerular 
fiLtraticn in the Kidney {exclusion limit about 70 kDJ . 
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A ^ approach followed r-certj.- . 
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up-nrig reactions. This has 
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led to none of these dextran coupling products being 
approved a3 yet for therapeutic use in humans or animals. 

Derivatizatior.s v;itb PEG have been carried out considerably 
more frequently, so that t'nis method can now be regarded as 
standard for increasing the molecular weight of proreins. 
Some of these derivatives are in various phases of clinical 
trials or are already approved in the USA. PEG-heny>globi.n 
is currently in phase III, as is a PEG addict of superoxide 
dismutaae (SOD) , which is Lhe protein which has been 
investigated most in relation to polymer couplings. 
PEG-coupled asparaginase is already employed in the therapy 
of acute lymphocytic .ieukemia. Ia 2001, PEG-interf eror.-a 
was approved for the treatment of hepatitis C patients. 

On use of these ?EC conjugates, however, side effects 
ranging frosa unpleasant to dangerous have also been 
reported, such as pruritis, hypersensitivity reactions and 
pancreatitis. In addition, the biological activity of the 
proteins after PEG coupling is often very low and the 
metabolism of the degradation products of PEG conjugates is 
still substantially unknown and possibly represents a 
health risk. 

WO 99/4 9S 57 describe a conjugates of hemoglobin which are 
formed by reacting the aldehyde groups cf ox i datively ring- 
oper.ed polysaccharides such aa hydroxy ethy Is tarch or 
dextran with primary amine group3 of the protein. However, 
in this case, the employed polysaccharides act as 
polyfunctional reagents, resulting in a very heterogeneous 
product mixture with properties which are difficult to 
adjust. 

US patent 6/083,903 describes a process for coupling 
selectively oxidized hydroxyethy Is tarch to hemoglobin in 
DMSO. Our investigations have showr, however, that the 
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This objecc is achieved according the invents, * 

characterized in that the binding interacLion ^ " e 
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the abovenentioned covalent bonding. 
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vhxch comprise these conjugate. and , he use % £ 3 
conjugates and compositions for the prophylactic L 
treatment ox the hunian „ .J/^ £ 

iv:%r pr ;r;ri y been :r nrf that the 
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carried out in aqueous solution, thus allowing the 
biological activity of the proteins in many cases to be 
completely cr partly retained. 

5 The aqueous reaction medium for the coupling reaction is in 
tnis case preferably water or a mixture of water and an 
organic solvent/ where the proportion of water in the 
mixture ir. at least about 7 0% by weight , preferably at. 
least about 80% by weight, more preferably at least about 
13 90% by weight. 

The molar ratio of hydroxys lky± starch (HAS) to protein in 
the coupling reaction is usually about 20 ;1 to 1:1, 
preferably about 5:1 to 1:1. 

15 

The remaining biological activity of the inventive 
hydroxy alky 1st arch-protein conjugates , based on the Initial 
activity of the protein, is usually at least 40%, 
preferably at least 50%, more preferably at least 70%, even 
20 more preferably at least 50%, reost preferably at least 95%. 

The hydroxyalkylstarcn (HAS) employed according to the 
invention can be prepared by a kno T Jn method, e.g. 
hydioxyaikylaticn cf a Larch at the and/or C« position of 

25 the enhydrcglucose units with alkylene oxide or 
2-chloroaIkanol, e,g. 2-chloroethanol (see, for example, 
US 5,218,108 Cor the hydroxyethylation of starch), with 
various desired molecular weight ranges and degrees of 
substitution. It is also possible to employ any 

30 preparations obtainable co-nmercially. The definition ot the 
aisyl grouping in "hydro* yalxylstarcb", as used herein, 
includes methyl, ethyl, isopropyl and n-prooyl r with 
particular preference for ethyl. A substantial advantage of 
H£S is that it is already approved by the authorities as 

3i> bioccropatible plasma expander "and is employed clinically on 
a large scale. 
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?he average molecular wAinh- - 

molecular weioht ^ v. ^ Proteins, the average 

weight of the hydcoxyalkyistarch is prefers 
chosen so that- -h« ,i„ . pre ter ably 

*o that .he abovementioned threshold of 70 ko 
exceed with the conjugates, w.ereas for coupMno to 
proteins the molecular weight o- the »T 
wUl preferably be in the i Tr ^TotTT^^ 
coupling is P os sible at a pl^'l Z ' ^ 
it .X~ he ad^tagej ^^.'2^^ ~ 
Polymer chains, instead of one of hlgn Z^llr t 
The degree of substitution (rat'o or m ° IeCUlar we ^ hc - 

anhydroglucose uni- s to ! ° f nodi «M 

t" Vat» ™ ,T 6 ° f a ^«^cose units 

l;; 11 ' ^ Ukewiac — win frequently be - r £ 

range from about 0.2 to 0.8, preferably about 0 3 tl o 7 

r ^::; f r ^"tution-. whi Ch is bstween 0 ' 

ra.io of C, to C B substitution is normally ^ r h ' 
from 4 to i6, prefe-abiv <n th* orn «"y in the range 

, y-ere-aoiy in the range from 8 to 12. 

t llce . substtt.tion increasing the residence 

These relationships also ' apply to rh„ • 
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residence time of a particular conjugate in the plasma can 
be adjusted via the proportion of pclysaccharida, 

Hydroxyenhyl starch products vith an average molecular 
weight ot 130 kP and a degree of substitution of 0,5, and 
with an average molecular weight o: 200 ku and a degree of 
substitution ol 5.25, have already been used clinically as 
blood substitutes and are a£so suitable for use in the 
present invention. 



The protein suitable in the present invention is in 
principle any prot.ein which has the necessary functional 
group, e.g. a free amino group, thiol group or carboxyl 
group, for reacting with the functional group of the HAS 
lb molecule. 

A desired functional group can be introduced also by 
reacting the protein with a suitable, physiologically 
tolerated, bifuiict ional linker molecule. The remaining 
20 reactive functional group of the couplec-on linker molecule 
i3 then likewise regarded as "reactive functional group of 
the protein^ for the purposes of the present, invention. 

Suitable linker niolecules comprise at one end a grouping 
25 able to enter into a covaient bonding with a reactive 
functional group of the protein, e.g. an amino, thiol, or 
carboxyl group, and at the other end a grouping likewise 
able to enter into a covaient bonding with the terminal 
aldehyde group or a functional group derived therefrom by 
30 chemical reaction, e-g. a carboxyl group, activated 
carboxyl group, amino or thiol group. Between the two 
functional croups of the linker molecule rhere is a 
biocompatible bridging molecule of suitable length r e.g. a 
grouping derived from an alkane, an {oligo)alkylene glycol 
35 grouping or another suitable oligomer grouping! Preferred 
groupings able to react with amino groups are, for example, 
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*-ay«irox ysucc : niiniC j e este 

p«ft™« g ,ou Pin9a able t ; ; e ;; c t tivated 9 rou PS; 

factions are: f ° r Meeting SH and NK 

3 ^ J£^*^^ yl ester, 

ester) h ^ r °*ys UC cinimicie 
SMCC (succinimidyl a rw 

Examples of .linker- 

^unctions are: connecting 



SH and SH 



HMDS n 6 . . 



1. I eifllidotriethylene 
a - T1 ^ alei *^t et r,e thylen( , glyco 
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Examples of linker molecules tor connecting NH and Nil 
functions^ are j 

BSOCOES (bia - (2 -succinimidyloxycarbonyloxy) ethyl) 
aul f one 

BS a (biB- (»ul£o5Uccinimidyl) subcrate) 

DFDNB tl • 5-dif luoro- 2 , 4 -nitrobenzene) 

DMA (dimethyl adipiwidate HCl) ) 

DSG (disuceinimidyl glutarate) 

DSS Wiaucciniwldyl suberate) 

EGS (ethylene glycol bis(auccinimidyl succinate) . 

Examples of linker molecules for connecting SH and CHO 
functions are: 

BttFH W- (fc-itvaleimidopropionic acidjhydrazide TFA) 

EMCA (N-{s-maleimidocaproic acid) hydra zide) 

KrtUH W- (K-Tnaleirddoundecanoie acid)hydrazidc) 

MaC a H (4 - tN-maieimidomethyl) cyclofccxane-i- 

carboxylhydrazide HCl) 
MPBU (4 " -N-maleimidophenyl) butyxic acid 

hydra^ide HC1) 
PDPK (3- {2 -pyridyldi thio) propionylhydr azidc) . 

' An example of a linker molecule for connecting SH and OH 
functions is 

PMPI (N-Cp-maleimidophenyl) isocyan^te) . 

Examples of linker molecules for converting an SH function 

into a CCOH function are 

BMPA (N-S-maleimidopropionic acid) 

BMCH (N-fi-taaleimidocaproic acid) 

KMUA (H-K-maleimidoundecauoic acid) . 

Example* of linker molecules for convert in 9 an NH function 
' into a COOH- function are MSA (methyl N-succinimidyl 
adipate) or longer-chain ' homologues thereof or 
corresponding derivatives of ethylene glycol. 
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Err. m ° i °™" ,or — m - • «• 

chain homologues the^ea*- _ Jt 9 r 

ethylene g ly Col . ' "* — ^» di ^ Privative, of 

An example of a iinker molecule Hhi 
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hindrance i 3 XFCS fhr . sce " lc 
Succinic escer , . '"-U«£l««« ftawtaiyh 

wor>c«r S and co^xally , vaiiable or can be 

or. the actional groups present an. 
desired „ the has £nd tne protein tQ &6 / «* 

prepared by known methods. d b ° 

The term "orotein" r^w *.u» 

protean for the purposes of the present 
invents is ln , epded to P~ - 

; r; prises at ieast «*«.. P ref era6 y a : 

"T^ — P~*»*lY at least 25 aLno 

^ds particularly preferably at least 50 a.lno acids and 
also in c:u de natural derivatives, «. g . pre 0 _ "T, ™" 
deliver ^P^P^eins, or static KOdifi9 ; 

TrZ ' & - 9 ' ;U3i ° 11 ^« L »*> glycoproteins or 

Prote.ns edified by ge r.otic entering methods, e g 
fusion proteins, proteins * m ainino acid ' ^ 

introduce preferred coupling sites. 9 

or 1 anLr^ 1 ^" ° C CherapeUtic of the hn^an 

or animal body, the relevant protein will cacry out a 
Particular desired Action An tne The protein 

therefore preferably ha S> for ex-*»l« , 
catalvti- ^ example, a regulatory or 

functL 3 Si9nal tra --ttin g or' cranSport 

*.«ctxon or a function in the ™ response or 
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Of an immune response. 

The protein may be selected* fcr example from the <r,roup 
composed of enzymes, antibodies, anzigens, transport: 
b prozeins, bioadhesion proteins, hormones, growth factors, 
cytokines, receptors, suppressors, activator?, inhibitors 
or a functional derivative or fragment thereof. "Functional 
derivative or fragment" means in this connection a 
derivative or fragment which has retained a desired 
10 biological property or activity of the parent molecule in 
whole or in part, e.g. to the extent of at least 10-3D%, 
preferably rtore than 50%, even more preferably more than 
70%, roost preferably more than 90^. Particularly preferred 
examples of such a fragment are antibody fragments. 

15 

Specific examples are a-, p- or ^-interferon, interleukins, 
e.g. II>1 to IL-19, growth factors, e.g. epidermal growth 
factor <£GF), platelet growth factor {PDGP), fibroblast 
growth factor (FGF) , brain-derived growth factor (BDGF), 

20 nerve growth factor (NGF) , B-cell growth factor <BCG5), 
brain- derived neurotrophic growth factor {BDNt') , ciliary 
neurotrophic factor (CN7F), transforming growth factors, 
e.g. TG?-or or TGF-p, colony- stimulating factors (CSF) > e.g. 
GM-CSF, G-CSF, BMP (bone ir.orphogenic proteins), growth 

25 hormones, e.g- human growth hormone , tumor necrosis 
factors, e.g. THP-o* or TtfF-£, somatostatin, somatotropin, 
somatomedins, serum proteins, e.g. ciortiny factors 
II-XIII, albumin, erythropoietin, myoglobin,, hemoglobin, 
plasminogen activators, e.g. tissue plasminogen activator, 

30 hormones or prohormones, e.g. insulin, gonadotropin, 
melanocyte-stimulating hormone Ca-MSH) , triptorelin, 
hypothalamus hecmcnes, e.g. antidiuretic horirones (ADHJ and 
ocytocin, and liber ins and statins, parathyroid hormone, 
thyroid hormones, e.g. thyroxine, thyrotropin, 

35 thyroliberin, prolactin, calcitonin, glucagon, glucagon- 
liice peptides (G^P-1, GLP-2, etc.), exendins, e.g* 
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Pigmentary hcwon^, i ipoo . 0 ^ ins i * LK ' FSa ' etc -'- 

- Igo or a fragment ch e . eD f „ * ' Ig5 ' IgM ' 

veoo^s, i^notoxins, antigen E b " Ci "' ^ V6n ° m ' 
P~tei„ ase inhibitot/ aliergen * ' aipna " 

oUgoly S ine protein, RGD proteins er * 
corresponding receptor* for one " in ^tcpri.t.. 
functional cteriwtiw- or r»* Protein*, or a 

or receptors. fr * g - ac ° f one thM. proteins 

suitable enzy,^ ^ ba Bel 

lya—. is^raLT Una,' tMMf "— »' 
*-ci«C non-re^ctiv* ^Z^Z "* 
" 9iftase - arginine deaminase 1 as P ar ^ina se , 
g-utamii, ase , oluta-in.. adenosine d eaD1 in aS e r 

r n ia . lyaBe , 9 tt t xr:r aca sr' ph ~- 

^-utase, an andotoxitia8er °' ty ""™*' superoxide 
-Uifcrein, trypsin, cn^otry^ 

: ^e oside phosphorylas ^ blli ^; P ^- P-ine- 
qiucocerebrosidase „i„n., °*'™-'e, galactosidase, 

As mentioned above * 

eldehyd* group ot crouo plin * faction is the terminal, 
reaction. ' ^ ^ CiVed by chesnicaX 
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One example of such a chemical reaction is the selective 
oxidation of this aldehyde group with a mild oxidising 
agent such as, for example, iodine, bromine or some metal 
ions, or else by means of electrochemical oxidation to a 
carboxyl group or activated carboxyl group, e.g, an fester, 
lactone, amide, with the carboxyl group being converted 
where appropriate in a second reaction into the activated 
derivative. This carboxyl group or activated carboxyl group 
can then be coupled to a primary amino or thiol group of 
the protein to form an amide linkage or thioester linkage. 

In a particularly preferred preparation method, this 
aldehyde group is selectively oxidized with a molar excess 
of iodine r preferably in a molar ratio of iodine to HAS of 
from 2:1 to 20:1, particularly preferably about 5:1 to S;l, 
in aqceous basic solution. In the optimized method 
described in example 1, initially an amount of 
hydroxyalkylstarch is dissolved in hot distilled water, and 
somewhat less than 1 mole equivalent of aqueous iodine 
solution, preferably in a concentration of about 0.05-D.5N, 
particularly preferably about is added. After this, 

an aqueous NaOK solution in a molar concentration which is 
about 5^15 tirr.es, preferably about 10 times, that of the 
iodine solution is slowly added dropw.ise, at intervals of a 
plurality of minutes, to -he reaction solution until the 
solution starts to become clear aqain after the addition. 
Somewhat less than 1 mole equivalent of the above aqueous 
iodine solution is again added to the reaction solution 
the dropwise addition ot the NaOH solution is resumed/ and 
the addition of iodine and NaOH are repeated until 
approximately 5.5-6 mole equivalents of iodine solution and 
11-12 nole equivalents of SaOH solution r based on -he 
hydroxyalkylsrarch, have been added. Tnc reaction is then 
stopped, the reaction solution is desalted, e.g. by 
dialysis or ultrafiltration, subjected to a cation exchange 
chromatography, and the reaction product is obtained by 
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.„ achievaa , ; p ; :: d ; f ^^t., t vo 

Che has. Pective of the molecular weight of 

T * - further particularly pre^e—ed t,^- 
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P-^Phate, ^ J heKafXuoro^ 

>y:K^rr !P (?V30F> ' ^ft~t«i w . 

tetraborate (tbtu, .o b thyluroniu. 

p/icspnate, earbonyidiinidazoie {CDI , 
Preferably carbodiimtdea ea 1 „ „ ' ° r 

-u-pnwi^ j r - <D s ciohexy t ica r dii3,ide ,dcc) ' 

EDc. i„ contra . ' ( TC>f Particularly preferably 
contrast to conventional ae.hods described in the 
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literature for similar coupling reactions , it has 
surprisingly been fcuad in this connection that on use o' a 
carbodiixide as a rule the use of otherwise obligatory 
further activators such as triazoles, e.g. HOBt, is 
unnecessary or even makfss ,the yiaLds worse. In too 
inventive coupling of ox-HES to various model compounds in 
the presence of EDC and abser.ee of HOfit by contrast it was 
possible to achieve high yields substantially irrespective 
of the molecular weight of the HES (see examples) . 

Instead of the reaction of the carboxyl group or activated 
carooxyl yi-oup with a free primary amino c,roup of the 
protein (e.g. or* a lysine ox arginine residue), an 
analogous reaction with a thiol gxo\ip (of a cysteine) of 
the protein is also possible in principle, However r it must 
be taken into account in this connection chat cysteines are 
usually involved in S-5 bridges and are therefore not 
available for a coupling reaction. If, on the other hand, 
tree cysteines are present, they frequently play an 
important pare in. catalysis or are involved in the contact 
site of subunits. A modification ot these cysteines will 
then result in partial or complete loss of the biological 
activity- This problem could be elininated by introducing 
free cysteines by conventional genetic engineering methods 
such as, for example directed xutager.esis or chemical 
peptide synthesis at .those sites in the protein which are 
known to play no part in the activity. Cptinal control ci 
rha coupling site is possible in this way. Targeted 
introduction of other reaction amino acids, e.g. Lys, His, 
Arg, Asp, Glu, into the protein would also be possible in 
the same way. 

The reactive group of the hydroxy* l kylstarch rcolecule can 
also be an amine or thiol group produced by chemical 
reaction of the terminal aldehyde group. For example, a 
reductive amination of the aldehyde group can be carried 
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out by reaclico with ammonia ia the pierce ot h h 

and a catalyst or in the PCe ^ nc * °* nyrirogen 

resjit^ng amino or thiol 
tnen react with a ^ , tnioj. ^roup can 

f« an thioest „ « "^«ic acid, to 

A further possibility is ^ r f K * 

0 derived thoref^ by chemical „ " ^ 

linker moiecmle >n tH. tolerated Afunctional 

hy d rc*^ kyistarch mQiecuie 1 * ^ W Of th . 
coupling reaction is the " ^ «■«*«>»- for the 
r p of the bi£unctlona ; — -cave 

tern.ir.al aldehyde group or the funeT! , ^ 
therefrom haa bee „ r J cted "? J***""* <>'0up derived 

likewise to convert IhT . Wible in this w ay 

convert tho terminal aldehvrtc „».-. 
desired functional group. *"ehyde group lnto , 

Suitable li nker molecules comprise a- OM „ 

- enter into . covalent bo J n9 ^Z\Tj ?°? ^ 

eroup or a functional group derived - h T 

-ction, e.g. a carbo* yl "".^ 

c»ter into a covaZsnt bo ™ * nd a able to 

Orcup of the prctc n /„ reactive functional 

group. Between X two fLt" T°' °* 
molncule there £ a L * 9rOUP5 ° f the iinJ «* 

suitable length " \ 'T^* m0i ~ ui « °* 

Coligeui^et' ^ ^4 ^ " « 

— *™ ^rru;: a r:r auitabie 

amino groups aw fv>^ ^ , to react 

cdiDoxyj, groups; prefpr^rf 

P * r - ed 9Wupj.ng« able tc 
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rsact with thiol groups are, fcr example, maleimide and 
carboxyl groups; preferred groupings able to react with 
aldehyde or carboxyl groups are, for example, amino or 
thiol groups. 

5 

A number of specific, non-restrictive examples of suitable 
linker molecules have already been indicated, above with 
reference tc the conjugation of linker molecules to the 
protein. 

10 

Id an alternative inventive coupling method ot the present 
invention, the terminal aldehyde group is reacted directly 
with a primary amino group {e.g. of a lysine or arginine 
residue or of the N- terminus) of the protein to for* a 

15 Schirf's base. The formed Schiff's base is, subsequent or 
parallel thereto, reduced by reaction with a suitable 
reducing agent, resulting in a bonding which is stable in 
aqueous medium between protein and HAS. Preferred reducing 
agents are sodium borohydride, sodium cyanoborohydridc, 

20 organic boron complexes, e.g. a 4- (dimethyiamino)pyririine- 
boror* complex, tf-ethyldiisopropylamine -boron complex, 
K-etbylmorpfcoline-coron complex, N-methytmorphoiine-boron 
complex , N-phenylmorpholine-bocon complex, lutidine-boron 
coirplex, triethylamine-bcron complex, triaie^hylamirte-borcn 

25 complex; suitable stereoselective reducing agents are, for 
example, sodium . triacetate borohydride, sodium 
triethylborobydride, sodium trimethoxyborcnydride, 

potassium tri-sec-butylborohydridc (K-Selectride) , sodium 
tri-sec-butylborohydride IN-Seiectride) , lithium tri-sec- 

30 but ylborohyd ride ( l- Select ri de) , potassium 

triamylborohydride (KS-Selectride) and lithium triamyl- 
borohydride (LS-selectride) . 

The yields can be improved by suit able variation of zhe 
35 reaction conditions. Parameters for such optimization tests 
are tne pH of the reaction mixture {possible protein 
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L 7 6Rt ** the — reason /I ^ * «" 

>:e possibility cf out tho is 

ch* ration sc« p . ' ^ c *« ^ Cloyed 

The products of the ^oiipi' 

by known methods) a "nd ^ ^f 0 " ^"tigate* 

Thus, fot ^j: Pl ^ can be 
groups in the prote . n f r(?e p£i:liary as( . ro 

a" r 3 b ;:"? SUif ^ ic ~« <«aneeb 



V-ld of reactions W vl „ 9 L ma " ** 

establish by derivat . 2< , ti ^ -1-M could also fce 

flaores Caralne and J fcl >* amines w±th 

WW. and 9e! pe rmeati on L * 6Stahlis ^ by SDS . 
conjugate car. be detected* y SDS """^ ** the 

raining, whiie the soccha rirfT — ^sequent silver 

a 9iycar.- specifie ^* ««« can be estab l jshed 
after blotti I^ 0f & ^ S e parated by 

9lycan determination ia * "•*«■»*- Quantitative 

« coupua, sice 

»*PPing aed/or «a Ldi . TOf , * i3 P°«ible by peptide 

xonizatian spec tr03COp / Spe «— "PY or electros Pray 

CPCimiZa ^.e coupling J JlT^' *" W * to 

distribution ^ pfl ;. b red6te ^ the .olecula, 

^OU PS 0n rt _ _ . ° P°^i b ly (e . g 

tne protexn differ «„ ^ea-tive 
coup Un? site of the products. " re * ctiv ^Y) evQn the 

Ths conjugates of the 

appropriate be J**™* invention can where 

Pharmaceutical co^si^ ™ % ia *«. of a 

-~ t«a^t of the human JtJ~ tic ~ 
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Compositions of this type include a pharmaceutical^ 
effective amount cf a conjugate of the invention as active 
irgredient, and a pharmaceutical citable carrier and, 
where appropriate, other therapeutic or pharmaceutical 
ingredients or excipients- Exeipiant* may include for 
example diluents, buffers, flavorings, binders, surface- 
active agents, thickeners, lubricants, preservatives 
(including antioxidants) and subst.ar.ces which serve to make 
-he forarjiation isotonic, with the blood of the in-ended 
recipient A pharmaceutical^ effective amount is the 
amount sufficient to display on Single or multiple 
administration a desired beneficial effect during a 
treatment to alleviate, cure or prevent a pathological 
condition. A pharmaceutical^ acceptable carrier is a 
carrier -hich is compatible both with the active 
pharmaceutical ingredient and with the patient' s body. 

The form of the composition will vary depending on the 
desired or suitable administration route. A preferred route 
is parenteral . administration, e.g. subcutaneous, 
intravascular, intravenous, intraarterial, intraarticular, 
intrathecal, extradural injection or, where appropriate, 
infusion. intranasal, intratracheal or topical 
administration is also possible. Topical administration of 
growth factors conjugated according to the invention might 
for example speed up wound healing. The pharmaceutical 
compositions may beneficially be supplied in the form of a 
dosage tr.it and be produced by any method well known in the 
pharmacy sector. 

The conjugates of the present invention can also be 
employed in all other sectors in which other protein- 
polvmer conjugates, e.g. PEG-protein conjugates, have been 
used. Howe specific, non- restrictive examples are the use 
of an [»S-protein conjugate as immobilized catalyst or 
reactanL for a reaction in heterogeneous phase or as a 
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— . -» Li: TlL°T"Y° tte 

ho reifl « f . 9 °- Properties disclosed 

fcawin .f the inventive HAS-protein eonj-jg«« fl . 

The following examples arc i ntM ^ 

mveotion in more detai^ wither h„ ex P^-n . te 

thereto - • "J-thout. however, restricting it 

car led' ; n t PatC1 7 1 "' -ac.tons can also be 

earned out Hlth hydroxynethylstareh and hu. 

and aimilar results ^ ft be c ; h chi :; e d d -r- 

EX&MPLE. 1 

Elective 03tidation of bydroXyethylstarch (hes) wiu) iodine 

" g of HES-130 kD were dissolved in 14 ro , of • - , 
water by neating ta a ro Ba d-botto«/r^ IC 2 ' 

' nu o, 1.0N Nd0h was connecced 

«aiu« „ E , to,., M „ * *~ c :" n "-W" «--« 



The partial^ desalted sol^ion wa5 subjected to 
cartography on a catio „ e eoJr <L* lt - 

13-120 H* fn~~% ooioac (Arrberlite 

x<:v, n form) an order to corve-t t-H,. 
into aldoni- a-id e " 5 -Idonate groups 

nl * a " ld ffroups. Subsequently, the l,~ ^, 
reeved by iyo ph il izatlcn , and ^ th * * c "* r «' 

obtained. " 3 th * lactone *>™ 
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Determination or the degree of oxidation: 

1 ml of alkaline copper reagent (3.5 g of Na 2 P0*, 4 . 0 g of 
X Ka tat rate in 50 ml ox H 2 0, plus 10 ml of IN NaOH, 8.0 ml 
b of 10% strength (weight /volume) CuSO*, solution and 0.089 g 
of K iodats in 10 ml of K 2 0, after addition of 16 g of Ka 
sulfate, make up to 100 ml) are pipetted in each case into 
1 ml of sample solution under an N* atmosphere. The mixture 
is headed at 100 'C for 45 minuses. After cooling, 0.2 mi of 

10 2.5% strength KI solution and 0.15 ml of 1 M H;SO< are 
added. After 5 rain, 1 drop of phenol red indicator solution 
(1% weigh t/volurre) is added, and titration is carried out 
with 5 mM NasS-Oj solution until the color disappears. The 
concentration of unreacted aldehyde groups can be 

15 calculated from the consumption of titrant. 

An approximately quantitative yield was achieved (> 96%) . 
It is possible by this procedure to oxidize 
hydro* y«thyl starches with higher molecular weight {e.g. 
20 130 kD, 250 kt>, 400 kD> just like hydroxyethylstarches with 
lower molecular weight (e.g. 10 kD, 25 XD, 40 kD) , in 
similarly high yields. 

EXAMPLE 2 

25 Selective oxidation of HBS with Cu* + ions 

A solution of 0.24 mrool of HES-130 JcD was prepared in 10 mi 
of deioriized water with heating. This solution was heated 
in a 100 ml round-bottomed flask to a temperature of 

30 70-80 *C, and 1.17 mmol of stabilized Cu 2t (e.g. Rochellc 
salt as stabilizer or other stabilizers) and dilute aqueous 
NaOH solution was added (final concentration 0.1N NaOH). 
The temperature was then raised to 1Q0*C, and the reaction 
was allowed to proceed until a reddish color had appeared. 

35 The reaction was stopped and the reaction mixture was 
cooled to 4 a C, The reddish precipitate was removed by 
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25 



(yield >99%>. rr „ as a , s „ P * ^"--^ati^y 

oxidize low ^JT^ t ZT & ^ " 



EXAMPLE 3 



Coupling of selectively oxidized h4„». , 

--^^ - — 

bating in a round- botto(n ' " ™* C b * W". 

Solved ia water , were P ; P o yl ^ bodll - de 

Stirring very lately fo. 2 h a After 
of EDC was added , J ; 2 h ' a portion of 30 »g 

further two fcours, . "^/^ »od.r«i y for a 

these conations ovc^lY^T — -der " 

and c^bohycrate^pecifC ^ Proctography, SDs . PAGE 
«ocne-Bo ehringer , lZ\f; ^o-0L 9 klt fr , m 

-br.ne. T hey ie ld o f « ^ « ™ 

p la 9 Produce was £bouc 905. 

' ° human «eniin aibumin (HSA) 

'•4 g of ox-iiES-lc ko a^ d so 

dissolved in water in a'r^T CMn P^tely 
-irrer. 7he „^ \ «** 

total of 282 mc, 0 f P.dc in ti, , ' aadlng a 

■a r # t^ An three aliau'v « 

J,Aqu0tS - T ne reaction 
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mixture was likewise dialyzed and lyophilized as described 
above. Analysis [as above) showed the coupling product was 
obtained,, but the yields were somewhat Lower than in the 
coupling with high s>olecular weight ox-HF.S, 

5 

EXAMPLE 5 

Coupling of ox-HES-130 kD to myoglobin (Mb) 

4.3 g of ox-HES-130 kD were completely dissolved in water 
10 (6*7 mJ), and then 100 ng of Mb (Signa, Tauf kircher.) , 
dissolved in 10 ml of 0.1 M phosphate buffet (?H 7.0), were 
added. The coupling reaction was started by adding 30 ng of 
EDC. Addition of EDC was repeated every 2 hours until a 
-o~ai of 90 nig of the carbodiimide had been consumed. The 
15 reaction mixture was then dialyzed against 50 mM phosphate 
buffer, pH 7,0, and lyophilized- G?C showed a definite 
product peak, which was detected in the hold-up volume at 
450 mr.. it was possible to calculate a coupling yield of 
38% rrcm this* The oxygen-binding capacity of the hesylated 
20 myoglobin was about 76% of the binding capacity of 
unnodified Mb. 

EXAMPLE C 

Coupling of ox-HES-10 kD to superoxide dismutase (SOD) 

One part by volume of an aqueous solution d£ ox-a£S~10 kD 
(1.03 oVcni) was incubated witn one part by volume of a 
7 rag/ml SOD solution (Sigma, Tauf kirchen) in 50 mM 
phosphate buffer, pH 7.6, at room temperature. The coupling 
reaction was initiated by adding 280 rog of EDC in 
5 portions over a period of 24 h. The progress of the 
reaction was followed by GPC analysis in phosphate buffer 
and detection at 2*0 nm. After 24 h, 31% of the protein 
were found in the higher molecular weight region of the 
.•separating column, and the reaction was stopped after this 
vime. The reaction fixture was subjected to a diaf iltration 
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wi tn a 30 kD membrane «n d rh„ , 

spectro^etric ana ]yais 0 , " 1 "«"«d. "as, 

«r Hbb to protein of ebout 3:1. 

5 EXAMPLE 7 

3.8 kg of ox-HES-130 XD w» A , 

" of so «, p hosphate buffer a in = he 

46.5 mg of EDC and 20 ma of i-hvdr ^ ^ 

f«03c, were add ed . ><«JLL * ^^""triazole hydrate 

sLirrin, f or . total Zl ^""^ ^ **tl. 

•fining, a <|i atinct increase L th l ^ "" b SUV * r 
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Coupling of ox-HES-130 Vn K 

130 to to human (I L , 2 J 

After addition c f 0 2S . e " ' hMt1 " 9 " 

were added i„ 4 portion* with * 7- * mg o£ Eoc 

30 each, and sticrinTwa L T C ' lf ° £ * " for 

ol-r So l„ tio "4 7 na ^ s tlnUetl re SuUing in a 
abouc 65% naiySiS Xeve4l * d * <=oup iiag yiela - of 
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EXAMPLE 9 

Coupling of o*-HlI3-25 kD to human tumor necrosis factor « 
(TNFa) 

0.3 rog of hTWor (Sigma, Tauf kircben) were added to 86 mg of 
QX _ HE 3-2^ kD in about 0.4 Bl of 0.1 M phosphate buffer (pH 
7.0). The cloudy solution was stirred for about 2 h before 
1 mo; of EDC and 0,5 »g of HOBt were added. Stirring was 
continued for about 6 £, with the solution becoming clear 
during the reaction tixce. The coupling product was isolated 
by ultrafiltration and freeze drying and analyzed by GPC 
and detection at 280 nm. A coupling yield of approximately 
■74% was found in this case- 

EXAMPIS 10 

Coupling of ox-BES-130 3cJ> to glucagon- liXe peptide (GLP-1) 

7.4 g of ox-UES-130 ku were dissolved in a minimum volume 
of water by heating and gentle stirring. A solution of 
10 mg cf in the amide forai {Bachem, Switzerland) in 

50 ttiM phosphate buffer, pH 7.4, was added by pipette. The 
reaction was started by adding 35 rcg of EDC and was 
cautiously stirred Cor 2 h. This was repeated 2x more 
because, after this time, a peptide peak was no longer 
evident in the GPC analysis at 28 D nm, i.e. approximately 
complete conversion to the coupling product had taken 
place. This coupiir.9 product >Jas cliafilterad using a 30 kD 
membrane and iyophilized from phosphate buffer solution. It 
was possible to conclude from the results of a MALDI mass 
spectroscopy that the stoichiometry between peptide and RES 
was 1:1. 
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EXAMPLE 11 

Coupling of high molecular weight *ES fass v., 

serum albumin (HSA) f*5S-130 kD) to human 

was «irrcd , ^ gnetic nature 

every two bouts. Th a n a furth. i fo,r 15 

employed. The solution was then h- - NaB »3-N had ^oen 

Analysis cook pi ace " d.axy^a and lyopnili?ed 

™ cy wa S p a b ::, d : 5 r erited in — ie 4 «• — - 

EXAMPLE 12 

™? ot HSA, dissolved in 1 mi 0 f ft * i* l. 

"""" *» — — .■ »«, 

necessary effected by stir no - u ' lf 

.ti«i„. «,. s 0l „ tl o„ ».; „" X* ««, " nt,e 

Tor two ho-rs ^ . without stirring 

and then stirred for ' 3 n,i„, lt .^ 
hours as for the reaction V-h h,l " , ninU, - es aver V two 
When the solution , ' molecular weight HES. 

evolu-ion, IT " 0 i0 ° ger Showed -V bubble fH , 

chromatography (CPC, ■ ! ' * ^1 permeation 
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EXAMPLE 13 

Coupling of BES-40 kD to asparaginase 

3.0 g of KES-4B kD were completely dissolved in water 
5 (about 4 ml) - A solution of 8Q rag ol asparaginase (Sigma r 
Tauf fcirchen) in 6 mi of 0.1 M borate buffer, pH 9.G, were 
added thereto <md stirred until the ruction mixture was 
clear. The temperature was then raised to 37 *C and, after 
2 h, about 50 mg of KaBfUCN were added. This reaction cycle 
10 was repeated 3x more. The product was worked up by 
dialyzing c.fce reaction mixture against 0.1 M phosphate 
butrer, pH "7.4. The yield of coupliny product was about 
61%, and oboist 73% of the* asparaginase activity was 
recoverable . 

15 

EXAMPLE 14 

Coupling of HBS-130 kD to huraan intexlaukin~2 (2L-2) 

50 Jt.q ot KES-130 kD wer^ completely dissolved in water 
20 (about 0.2 ml) . A suspension of 0.26 mg of human 1.1,-2 
(Sigma, Tauf Jtirchen) in 0.2 mi of 0.2 M borate buffer, pH 
9.0, was added thereto and stirred until the reaction 
fixture was clear {4 h) . I rag portions oi NaSH*Ctf were 
added at .intervals each of 4 h, and stirring was continued. 
25 After a further reaction time of 24 h, the mixture was 
diaiyzed against 0.1 K phosphate buffer, pH 7.4 and 
lyophilized- The yield of coupling product was about 42% 
according tn GPC analysis. 

30 EXAMPLE 15 

Coupling o£ HES-130 kl> to insulin 

4.0 g of HES-130 *D were completely dissolved in water 
(about 6 ml) . 55 rag of insulin from bovine pancreas (Sigma, 
35 laufkirchen) in 7.5 n\ of 0.1 M borate buffer (pH 9-0), 
were added thereto and stirred at 37 ft C for about 24 h. The 
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EXAMPLE 16 

Coupling of ax-HES~130 W) to supe™*^- 

*wpero)tide dismutaae (SOD) 

dissolved l n ! na of pBS ' * °' S0D ,Roc ^' H-nnh.Lo) 
taction w as startftd b ™J" 6 coupling 

OC was repeats ev ^ v 3 h \ L** °' **' Additi °" » f 

been co, 3uroed ^ 1c 1 " " 
258 «.. Aftet 24 hr £ "/ C ; ion wa9 altered by GPc at 

high molecular weight rJL ! Pr ° tei " f ° Und in 

5CD activity was 95* oX the im^l, * ^PhiUzod. The" 
. of the mass discrih^Ucn of Hes ^ Vity - Dete ^ nati - 

G -- light scattcrtn9 r^ZT b r wpui 

Protein of 1:2. atiQ of **E5 Co 
■EXAMPLE 17 

^ ° f 03£ - HZS » » to giucagon 
Glucagon (se * 1n -* 

f - in 10 ^^io n s , C inters"/ ' h A ^ ° £ ^ ^ 6 

tiree of 24 h f the ^.h™ h ' Aftec a reaction 

water. The coJlL 1 St ° PPed bV addi "9 10 i of 

^ : at r p i;™:: w - s purAried by ^ 

«? ot wnxte coupling product (7j%>. 
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CLAIMS 



1. J\ hydrcxyalkylstarch-proi.ein conjugate, characterized 
in that the binding interaction between the 
hydroxyalkylstarch molecule and Che protein is based on 
a CO va lent bonding which is the result cf a coupling 
reaction between (i) the terminal aldehyde group, or a 
functional group derived from this aldehyde group by 
chemical reaction, of the hydroxy a Iky 1st arch molecule 
and (ii) a functional group, which is able to react 
with this aldehyde group or functional group derived 
there fron of the hydroxyaikylstarch molecule, of the. 
procein, where the bonding resulting directly in the 
coupling reaction can be modified where appropriate by 
a further reaction to give the above-mentioned covalent 
bonding. 

2, The hydroxyalkyl starch-protein conjugate as clained in 
claim 1, characterized in that the functional group 
derived from, the terminal aldehyde group of the 
hydroxyalkyls.tarch molecule by chemical, reaction is one 
of che functional groups of a bifunctional linker 
molecule with which the terminal aldehyde group has 
been reacted. 



3. The hydroxyalkylstarch-protein conjugate as claimed in 
claim 1 cr 2, characterized in that the reactive 
functional group of the protein is one of the 
functional groups oi" a bifunctional linker molecule 
which has been coupled onto the protein. 



4, The hydroxyalkylstarch-protein conjugate as claimed in 
claim 3 or 2, characterized in that the reactive 
functional group of the protein has been introduced 
into the protein by recombinant aodification of the 
original amino acid sequence. 
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5. The hydroxyaikylstarch-protein conjugate as claimed i, 
claim !, 3 or 4, characterize in that the covalent 
bonding is , he teS ult of a coupling reaction between a 
carboxyi gr0up fornlQG by . aeleetive Oxidatio „ Qf t|w 
terminal aldehyde group, or activated cerboxyl croup, 
of the hydroxyalkylstarch molecule and a primary " ainir . 0 
□roup or thiol group cf the protein. 

6. The conjugate as claim e d in claim 5, characterised in 
that the covalent bonding i3 an amide linage which is 
the result of a coupling reaction between an activated 
carboxyl group formed by selective oxidation of the 
terminal aldehyde gccup of the hydroxyalkylstarch 
mo.ecule, and a primary amir.o group of the protein. 

7- The conjugate as claimed in claim 1, 3 or 4 
characterized in that the covalent bonding is an amine 
-n.<age which is the result or a coupling Ieaction 
between the. terminal aldehyde group the 
hydroxyalkylstarch molecule and a primary amino group 
of the protein to form a Schiff'a base, and reduction 
of the Schiff's base to the amine. 

B- The conjugate as claimed i„ any of claims 1 to 7 

characterized in that the hydroxyalkylstarch molecule 

has a molecular weight i„ the range from about 4 to 
aboiit 1000 kD. 



• The conjugate as claimed in claim 8, characterized in 
that the hydroxyalkylstarch molecule has a molecular 
weight of about 4 to about 50 ko. 

0. The conjugate as claimed in claim 8, characterized in 
tnac the hydroxyalkylstarch molecule has a molecular 
weignt of about ?0 tc about 1000 U>. 
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1. The conjugate as claimed in claim 10, characterized in 
that the hydroxyaJ kylstarch ttolecule has a no-.ecular 
weight of about 120 KD. 

12. The conjugate as claimed in atiy of claims 1 to 11, 
characterized in that the hydroxys! xylstarch molecule 
has a degree of substitution of about 0.3 to about 0-7. 

13. The conjugate as claimed in any of claims 1 to 12 , 
characterized in that the hydroxyalkyl starch molecule 
has a ratio of C-i to C b substitution of from 8 to 12. 

14. The conjugate as claimed in any of claims 1 to 13, 
characterized in that the hydroxyalkylstarch molecule 
is a hydroxyethyistarcfc molecule 

15. The conjugate as claimed in any of claims 1 to 14/ 
characterized in that the protein has a regulatory or 
catalytic function, a signal transmitting or transport 
function or a function in the inoiune response or 
induction of an iwmune response . 

16. The conjugal as claimed in claim 15, characterized in 
that the protein is selected froir. the group composed of 
enzymes, antibodies , antigens, transport proteins, 
bioadhesion proteins, hormones and prohormones, growth 
factors and growth factor receptors, cytokines, 
receptors, suppressors, activators, inhibitors or a 
functional derivative or fragment thereof. 

17. The conjugate as claimed in claim 15 or 16, 
characterised in that the protein is o-, {$- or 
y-interferon, an interleujcin, a serum protein, e.g. 
albumin or a clotting factor, erythropoietin, 
myoglobin, hemoglobin, a plasminogen activator, BCGF, 
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BDGF, £ G F, FCF, NGF, PDGF, BDNF, CNfF, TGF-cr, TGr-jj a 
colony-aU^ing factor, a BMP, somatomedin, 
somatotropin, somatostatin, insulin, gonadotropin, 
a-MSK, triptorelin, prolactin, calcitonin, glucagon, a 
glucagon-like peptide, e.g. GLP-1 or Gi,?-2, exendin, 
'epnn, gastrin, secretin, an integrin, a hypothalamus 
hormone, e.g. an AOH, oxytocin, a liberin or stat'n, a 
thyroid ,. ormone , e . g . thyroxiae/ thyrotropin , 
thyroliberin, a growth hormone, e.g. human grovtb 
hormone, LH, FSK, a pigmentary hormone, TNF-or or TKF-p, 
hirudin, a lipoprotein or apolipoprotein, e.g. Rpc,-3 t 
Apo-E, Apo-L,, aR oligolysir.e protein, an RGD protein' 
a lectin or ricin, bee venom or a snake venom, an 
immunotoxin, ragweed allergen, antigen E, an 
immunoglobulin, or a receptor for one of these proteins 
or a functional derivative or fragment of one o£ these 
proteins ox receptors, 

8- The conjugate as claimed in claim 15 or 16, 
characterized. in that the protein is an enzyme; which 's 
selected f rem an asparaginase, arginase, arginine 
deaminase, adenosine dean.ir.ase, glutaminase, 
glutan.mase-asparagj.nase, phenylalanine ammonia-iyase 
tryptophane, tyrosinase, superoxide dismutase. 
endotoxins, catalase. peroxidase, kallikrein, 
trypsin, chymottypsi.n, elastane, thermolysis a lipase, 
uncase, adenosine diphosphate, purine-nucleoside 
Phosphorylase, bilirubin oxidase, giocose oxidase, 
niucodase, gluconate oxidase, gal a ccos,_da 3e , 
glucocerebrosidase, glucuronidase, hyaluronidaae, 
tzssue factor, a tissue plasminogen activator, 
streptokinase, urokinase, an MAP kinase, [> NAcc5 , MA3er 
lactoterrin, and functional derivatives or fragments 
thereof. 

- A pharmaceutical composition comprising an effective 
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amount, of a conjugate ciairaed in any of claiuis I to 
13 and c. pharmaceutical ly acceptable carrier and, where 
appropriate, further excipients and active ingredients. 

5 20. The use of a conjugate as claimed in any of claims 1 to 
16 or a composition as claimed in ciaim L9 :cr the 
therapeutic or preventive treatment of nutans or 
anirals. 

10 21. A method for preparing a hydroxyalkyl starch -protein 
conjugate as claimed in any of claims 1 to 18, 
characterized in thor. a coupling reaction is carried 
out in aqueous solution between the terminal aldehyde 
group, or a functional group derived from this aldeiiyd* 

15 group by chemical reaction, of the hydcoxyaifcylstarch 

molecule and a functional gro^p, which ic shlc to react 
with this aldehyde group or functional group derived 
therefrom or the hycroxyalkyistarch molecule, of the 
protean r and the bonding resulting directly in the 

20 coupling reaction is modified where appropriate by a 

further reaction. 

22- The method ds claimed in claim 21. characterized in 
that the reaction medium of the coupling reaction is 
2i> water or a mixture of water and on organic solventr 

where the water content of the mixture is at l^ast 80%. 

23. The method as claimed in claira ^i or 22 , characterized 
in chat the terminal aldehyde grcjp of the 

~3Q hydroxyalkyl search molecule is, converted by selective 

oxidation into the corresponding carboxyl 
functionality, and the latter is subsequently re acted 
under activating conditions in aqueous solution with a 
free amino group of the proteirw so that the 

35 hydroxyalxyistarch molecule is linked to the protein ty 

an amide linkage. 
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24. The method as claimed in ri^im n 

. . _ -J.auy.ea in claim 23, characterized in 

that the selective option of the aldehyde groco is 
carried out with iodine or - U l ions in basic cqueW3 
solution. 

25. The nechod as claimed in claim 23 or 24. characterized 
in that the coupling reaction is carried out in the 
presence of a carhodiiroide . 

26. The n.stdod as c , gimed lB c , aioi 3 . ( character . zpd . n 

that the carbodiimide is 1- C3-dim 9th yHn ) inoprooyl, -3- 
ethyl.carbodiimitle (EDO . 



27. , he n.ochod as claimed in clai* 21 or 22, charactered 
-in tnafc the terminal aldehyde group of the 
hydro*yal*ylstarch molecule is coupled to a free amiro 
group of the protein to fern a Schif C ' S base , atld the 
forned Sehiff's base ig rcducerf ^ ^ ^ 

the hydroxyalkylscarch molecule is Jiflkstl to ^ 
protein by an amine linkage. 

28- The method as claimed in claim 27, characterized in 
that both coupling and reduction take place in aqueous 
solution. 

29- The method a* claimed in claim 27 or *8, characterized 
in tnat the reducing agent is sodium faorohydriue, 
sodium cyanoborohydride or an organic boron complex. 

30. The method as claiaed in any of clairw 27 to 29 
characterized i„ M the coupling . ^ 
reactions are carried out simultaneously. 

31. A method for preparing " hydroxyalJcylstarch which is 
selectively oxidised at the terminal aldehyde group. 
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characterized in that the hydroxyalkylstarch is reacted 
in a Taolar ratio of iodine to HAS of from 2:1 to 20:1 
in basic aqueous solution. 

32. Th^ mvUiud as claimed in . claim 31, characterized in 
that Che molar ratio of iodine to HAS is about 5:1 to 
6:1. 

33. The method as claimed in claim 31, characterized in 
that 

a) an amount of hy droxy a Ikyl starch ia dissolved in 
warm distilled water, and oorcewhat lees than 1 mole 
equivalent of aqueous iodine solution is added, 

b) NaOH solution in a molar concentration which is 
about 5-15 titnes that of the iodine solution is 
slowly added dropwiee, at intervals of a plurality 
of minutes , to the reaction solution until the 
solution starts to become clear again after the 
addition, 

c) somewhat -less than l mole equivalent of aqueous 
iodine solution is again added to the reaction 
solution, 

dj the dropwiae addition of the NaOH solution is 
resumed, 

e) steps b) to d) are repeated until approximately 
5.S-6 mole equivalent a of iodine, solution and 
11-12 mole equivalents of NaOH solution, based on 
the hydroxyalkylstarch, have been added, 

f) the reaction is then stopped, and the reaction 
solution is desalted and subjected to a cation 
exchange chromatography, aud the reaction product 
is obtained by lyophiiization. 

34. The method as claimed in claim 33, characterized in 
that the aqueous iodine solution is an approximately 
O.O5-0.5N iodine solution. 
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The method as claimed in claim 33 or 34, characterized 
in that the molar concentration of the EtaQK solution is 
about 10 times that of the iodine solution. 

A method" for prepnring hydroxy.ilkylst.arch which is 
selectively oxidized at the terminal aldehyde grouu, 
characterized in that the 'AAs is oxidized in aqyeoLs 
alkaline solution with a molar excess of stabilised 
metal ions selected ^rom Cu 2 " ions and ag + ions. 



